OBJECTIVES: There are few reports on the outcome of total arch replacement (TAR) with concomitant coronary artery bypass grafting (CABG); the present study was aimed at analysing outcomes after TAR with CABG at our institute.
INTRODUCTION
According to the annual report of the Japanese Association for Thoracic Surgery, the number of operations for thoracic aneurysm has been increasing year by year for the last 10 years [1] . Aortic arch surgery is associated with morbidities such as respiratory dysfunction, renal failure, gastrointestinal tract necrosis and neurological deficits. Surgical techniques, perioperative care and sealing grafts in the field of aortic arch surgery have improved dramatically over the past decade [2] [3] [4] [5] . Overall hospital mortality after total aortic arch replacement (TAR) has declined over the past decade even among elderly patients [6, 7] .
There exists, however, a subgroup that may be at increased risk from surgery because of preoperative comorbidity. As society ages, concurrent coronary artery disease (CAD) occurs more commonly among patients undergoing TAR, necessitating concomitant coronary artery bypass grafting (CABG) in 18-44.4% of patients [4, 5, [8] [9] [10] .
Even now, concomitant CABG is a risk factor for an adverse outcome of TAR [10, 11] . However, CABG also tends to reduce the risk of myocardial infarction during short-or long-term follow-up. It remains unclear whether this procedure is beneficial or causes additional risk. The purpose of the present study was to review and analyse our procedures for TAR with or without concomitant CABG and to elucidate the effects of concomitant CABG on the short-and mid-term outcome.
included. Both ultrasonography of the carotid arteries and magnetic resonance angiography of the carotid, vertebral and intracranial arteries were performed to evaluate potential cerebral ischaemia. Preoperative coronary angiography was performed in all patients, with significant stenosis judged as more than 75% in major branches or more than 50% in the left main trunk.
We divided the 123 patients into two groups according to CABG status. Seventy-seven patients (62.6%) had isolated TAR (Group T) and 46 (37.4%) had coronary artery stenosis/occlusion and underwent concomitant CABG (Group T/C). Group T also included patients with previous intervention, previous CABG and small distal lesions. The preoperative characteristics of the patients are listed in Table 1 . There were significant differences between the two groups in the additive European System for Cardiac Operative Risk Evaluation (EuroSCORE), logistic EuroSCORE and low ejection fraction, which indicated that Group T/C had higher risk than Group T. Postoperative enhanced computed tomography (CT) was performed to assess graft patency unless the use of contrast agent was contraindicated (e.g. due to renal insufficiency, allergy, rejection).
Study patients were followed at the outpatient clinic or by telephone contact. The follow-up rate was 96.7%. We compared the early operative and mid-term outcomes of the two groups. The ethics committee of our institution approved the study and waived patient consent on the condition that patients were not identified.
Surgical procedure
Patients were placed in the supine position and anaesthesia was maintained in a standard manner. Transoesophageal echocardiography was used to confirm cardiac and valve function. Temperature probes were put in place for tympanic, rectal and bladder temperature monitoring. Brain oxygen monitoring was carried out using INVOS 5100C (Somanetics, Troy, MI, USA), and bilateral radial artery pressure was monitored. The left internal thoracic artery (LITA) and right gastroepiploic artery were harvested with an ultrasonic scalpel using the skeletonization technique (Harmonic Scalpel; Ethicon Endo-Surgery; Cincinnati, OH, USA) [12, 13] .
The details of TAR at our institute have been reported previously [2, 14] . The approach in all patients was through a median sternotomy. Preoperative CT and intraoperative epiaortic ultrasonography findings were useful to decide the arterial cannulation site. Myocardial protection was performed by retrograde infusion of cold blood cardioplegic solution that was introduced directly to the coronary sinus via right atriotomy. We used systemic cooling until 25-28°C at the tympanic membrane probe, followed by selective antegrade cerebral perfusion (SACP) with balloon-tipped catheters. Anastomoses were sequentially constructed at the distal arch, the proximal root, the left subclavian artery, the left carotid artery and the right brachiocephalic artery. Systemic rewarming and heartbeat adequate for weaning from cardiopulmonary bypass (CPB) were successfully achieved in almost all cases when the reconstruction of the arch vessels was completed.
Graft arrangement
The basic strategy for myocardial revascularization was in situ grafting of the LITA to the left anterior descending coronary artery (LAD), regardless of age. The saphenous vein (SV) was grafted to the circumflex branches, diagonal branches or both. The inferior wall was revascularized using the SV or the in situ right gastroepiploic artery. Left main trunk stenosis required bypass grafting to both the LAD and the circumflex territory to be considered complete.
The timing of the bypass grafting was as follows: during core cooling, the distal anastomosis of the SV graft was performed during on-pump beating or heart arrest with aorta clamping. Distal anastomosis of the in situ bypass grafts and proximal anastomosis of the SV graft on the prosthesis were completed immediately before the coronary reperfusion. A recording of the transit time flow trace was made to assess graft function after each graft had been completed.
Definition of complications
Postoperative stroke was defined as a newly developing neurological deficit that was confirmed by means of CT. Transient neurological deficit was defined as postoperative confusion, agitation, delirium or prolonged obtundation with a negative brain CT scan, and complete resolution at discharge. Prolonged ventilation was defined as intubation for >48 h. Postoperative renal failure was defined as the requirement for haemodialysis. The presence of new Q wave on electrocardiograms or requiring unexpected CABG during operation was defined as perioperative myocardial infarction. Major adverse cerebrocardiovascular events (MACCEs) were defined as death from any cause, presence of myocardial ischaemic event, congestive heart failure, arrhythmia requiring hospitalization (atrial fibrillation, pacemaker or implantable cardioverter-defibrillator) or neurological deficit (stroke, brain haemorrhage).
Statistical analysis
Comparison of clinical characteristics between the two groups was performed using Pearson's χ 2 test for categorical variables, unpaired t-test for normally distributed variables and MannWhitney U-test for skewed variables. Factors that tended to be of statistically significant risk by univariate testing (P < 0.2) were entered into a multivariate analysis.
Step-wise logistic regression analysis of predictor variables for in-hospital mortality was performed. The estimated survival rates were calculated using the Kaplan-Meier method and compared using the log-rank test. No violation of the assumptions was detected. All statistical testing was two-sided. Results were considered statistically significant at P < 0.05. All analyses were performed with the SPSS version 20.0 (SPSS, Inc., Chicago, IL, USA) statistical software. Table 2 shows the details of CAD and graft distribution in CABG. Operative data are shown in Table 3 . The mean durations of surgery, CPB, coronary ischaemia and SACP were significantly longer in Group T/C than Group T. The number of cases of prolonged ventilation time (>48 h) was significantly higher in Group T/C than Group T. The other postoperative data are listed in Table 4 and showed no significant difference between the two groups. Each group had one case of 30-day mortality: neurological deficit in Group T, pneumonia in Group T/C. Postoperative enhanced CT was performed to assess graft patency in 41 of the patients of Group T/C (89.1%). Although all arterial conduits were patent, two SV grafts were occluded in the early postoperative period. The overall graft patency rate was 96.7%.
RESULTS
The mean follow-up period was 2.4 ± 2.2 years, and Fig. 1 shows the overall survival assessed by the Kaplan-Meier method. The survival rate after surgery in Group T and Group T/C was 78.0 and 72.9%, respectively, at 5 years (P = 0.24). Figure 2 shows freedom from MACCEs in Group T and Group T/C (P = 0.04). Group T had the following MACCE-related cardiac events: arrhythmia 1, aortic reoperation 1 and rupture 1. Group T/C had acute myocardial infarction 1, aortic reoperation 3 and rupture 1. Figure 3 shows acceptable freedom from aortic-related deaths without significant difference between the two groups (P = 0.95).
Univariate analysis showed that preoperative haemodialysis, NYHA III/IV and higher logistic EuroSCORE were the predictors of in-hospital mortality. For operative results, longer duration of operation time, prolonged CPB time and coronary ischaemic time were the risk factors for early mortality. Multivariate analysis showed that preoperative haemodialysis (P = 0.01), NYHA III/IV (P < 0.01) and operation time (P < 0.01) were the predictors of in-hospital mortality. Concomitant CABG was not a risk factor for early mortality.
DISCUSSION
The present study demonstrates that TAR with concomitant CABG can be safely performed. Although freedom from MACCEs was significantly compromised in Group T/C, early and mid-term outcomes were favourable compared with the isolated TAR group despite a higher additive EuroSCORE, higher logistic EuroSCORE and the higher number of cases of low left ventricular function. Moreover, the early postoperative patency rate of CABGs was excellent. TAR is associated with postoperative morbidities such as respiratory dysfunction, acute kidney injury, bleeding and neurological deficits. Early mortality has been greatly improved in contemporary TAR, as was observed in the current study [2] [3] [4] . As noted above, with the ageing of society and increased prevalence of CAD, the performance of CABG procedures in conjunction with TAR is likely to become more frequent [1, 8, 9] . Concomitant CABG remains a risk factor in cardiac surgery. In fact, concomitant CABG with aortic valve surgery is a risk factor for early mortality [15, 16] . Ehrlich et al. also found that concomitant procedures were a predictor of adverse outcome and neurological dysfunction after aortic surgery [10] . On the other hand, recent reports suggest that concomitant CABG is not a risk factor for adverse outcome in TAR [2, 3] .
Graft arrangement in concomitant CABG is an important issue. The use of an internal thoracic artery graft is controversial in patients undergoing TAR for the following reasons: firstly, as the internal thoracic artery and its anterior intercostal branches are a collateral source of spinal cord blood supply, using LITA in CABG is a significant risk factor for spinal cord injury when patients with combined aneurysmal disease of the thoracic and abdominal aorta need staged procedures because LITA harvesting may cause a loss of blood supply to the thoracic wall in surgery for atherosclerotic descending or thoraco-abdominal aortic aneurysm [17, 18] ; secondly, reattachment of the left subclavian artery might affect LITA flow with a potential risk of branched graft kinking [19] . However, the use of LITA to the left anterior descending artery has been a gold standard in isolated CABG; similarly, LITA grafting of the LAD improves long-term survival in comparison with patients who receive only an SV graft for aortic valve replacement [20] . We believe that this consensus remains applicable in TAR provided that proper time constraints are observed; some reports describe the use of LITA for LAD with a good patency rate in this setting [8, 9, 21] . In fact, postoperative CT angiography demonstrated a LITA patency rate of 100% in the present study.
Simultaneous operation is also associated with prolonged duration of myocardial ischaemia and CPB, which have been demonstrated as significant risk factors for early mortality and morbidity [22, 23] . Cardiac surgeons must consider how the duration of CPB and operation time in this complex condition can be reduced without impairing quality. Yokoyama et al. reported the efficacy of off-pump CABG in reducing CPB time and myocardial ischaemic time [19] . We think this method somewhat increases complexity. The timing of distal anastomosis in CABG is one of the crucial points. In the present study, distal anastomosis was performed during core cooling. In addition, coronary circulation was restarted after the anastomosis had been performed and the core Freedom from aortic-related death among patients undergoing isolated total arch replacement (TAR) (Group T) and patients undergoing TAR with CABG (Group T/C). CABG: coronary artery bypass grafting; TAR: total arch replacement.
temperature had reached 35°C during aortic arch vessel reconstruction. The SACP technique is also useful in shortening myocardial ischaemic time and CPB time.
One of the most important issues in TAR is brain protection. Our surgical strategy for TAR requires a longer brain perfusion time because the proximal aortic anastomosis is performed prior to aortic arch vessel reconstruction. The SACP technique is able to extend the safe time limit for arch surgery. Zierer et al. showed that SACP offers sufficient cerebral protection and may be safely applied to aortic arch surgeries requiring SACP time of 90 min or more [24] . In previous studies using the SACP technique during arch surgery, the incidence of stroke was 2-6.6% [11, 25] . In the present study, stroke occurred in 8 of 123 patients (6.5%).
The present study has some limitations: it is a retrospective study with unpaired groups from a single centre; also, because all patients with CAD underwent concomitant CABG, there was no comparison between patients who underwent CABG and patients who did not.
In conclusion, concomitant CABG is not a risk factor for adverse early and mid-term outcome of TAR and can be performed safely. However, attention must be paid to the surgical strategy and particular care is needed in patients with multiple risk factors.
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